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heterozygosity levels due to a very effective self-incompatibility system that promotes 161 outbreeding (Cornish et al., 1979) . 162
Here we present a comprehensive study of the genomic diversity of natural L. perenne 163 populations and reconstruct historical demographic events that contributed to shape this 164 diversity, using an extensive set of populations sampled in natural and semi-natural grasslands 165 across almost all the entire natural distribution range of the species. In order to capture the 166 
Materials and Methods 185
Plant Material and Genotyping
186
Detailed information on the origin of the plant material used in the present study, the 187 genotyping and the genomic data filtering can be found in the Supporting Information7 Phylogeography and past demography 190 Population structure 191 We used the Discriminant Analysis of Principal Components (DAPC, Jombart et al., 2010) 192 analysis on the L. perenne set, a clustering method that does not rely on a particular 193 population genetics model. DAPC was conducted with the R package 'adegenet' (Jombart, 194 2008; Jombart & Ahmed, 2011) . We first applied the k-means procedure implemented in the 195 function find.cluster to infer the optimal number of clusters K (Jombart et al., 2010) . K was 196 determined using the Bayesian Information Criterion (BIC). The function BIC = f(K) was U-197 shaped, so K was selected as the value after which the decrease of BIC was much less steep 198 (Fig. S1 ), as recommended in Jombart et al. (Jombart et al., 2010) . We used 10,000 iterations 199 of the K-means algorithm and 100 randomly chosen starting centroids in each run to ensure 200 convergence of the algorithm. The number of Principal Components (PC) retained for the 201 discriminant analysis is a trade-off between power and consistency of assignment. We 202 therefore determined the optimal number of components to be retained by calculating the 203 mean a-score from ten runs of the DAPC (optim.a.score function in adegenet). We also 204 computed Fst among the clusters obtained by the k-means algorithm with the R package 205 'StAMPP' (Pembleton et al., 2013 ). Finally, we tested isolation by distance (IBD) using a 206
Mantel test (Mantel, 1967) Lolium set). 211 contained 131,113 SNP loci free of missing data. For both datasets, we first inferred a 223 maximum likelihood (ML) tree without admixture in TREEMIX and then ran 1000 standard 224 bootstrap replicates to obtain statistical support for the non-admixed tree topology. Bootstrap 225 trees were summarized in a 50% majority-rule consensus tree with SumTrees v4.2.0 226 (Sukumaran & Holder, 2015) . Finally, for both datasets we also fitted one to six migration 227 events in the tree and displayed a tree graph for each number of migration events. 228
Demography 229
To investigate the hybridization patterns among the Lolium taxa included in our study and the 230 demographic history of L. perenne, we used the software clusters. For both analyses, we used F. pratensis as outgroup to establish the ancestral state 244 for each SNP. Some δ aδi models were based on a non-equilibrium demography (population 245 splits with a period of isolation before the admixture, as assumed in TREEMIX) while some 246 were based on an equilibrium demography (fixed migration structure since divergence). We 247 also considered the possibility of a linear population growth for some models versus a 248 constant population size. In To set CIs for parameter estimates of the best-fit demographic models, we generated 100 256 datasets by non-parametric bootstrapping. Bootstrap replicates were re-optimized in Origin of cultivars 261 We predicted the cluster membership of the 32 L. perenne cultivars (cultivar set) by adding 262 them as supplementary populations in the L. perenne DAPC analysis of Fig. 1 ("training  263 data"). We transformed the allele frequencies of these supplementary individuals using the 264 centring and scaling metrics of the "training data" and determined their position onto the 265 discriminant functions set for the "training data" (Jombart & Collins, 2015) . 266
Results

267
Population structure
268
The k-means algorithm analysis of the L. perenne set SNP allele frequency data found K = 7 269 as the optimal number of genetic clusters (Fig. 1) . The genetic clusters exhibited a strong 270 geographic structure and a low level of admixture (Fig. 1a) . Admixture was found between 271 clusters 3 and 5 in North-Western Europe (Fig. 1b-1c We analysed the L. perenne set with TREEMIX using cluster 6 as outgroup as displayed in theTREEMIX models M1-M6) and population growth (linear growth vs exponential growth). 320
Model comparison revealed that the best fit between the predicted and observed site 321 frequency spectrum (SFS) (i.e. the highest maximum composite likelihood) was obtained with 322 model F ( Fig. 2a and Supporting Information Table S2 ). This model showed an ancestral 323 population splitting in two lineages (cluster 6 and the ancestor of clusters 1-5 + 7), then a 324 second split followed by a period of isolation between clusters 1-5 and cluster 7. This was 325 followed by migration from cluster 7 to clusters 1-5 and from clusters 1-5 to cluster 6. 326
Residuals of the model (normalized differences between model and data) followed a normal 327 distribution with a zero mean value, indicating an appropriate fit of the model to the data. We 328 used the best fit of the best model over 30 independent runs to get estimates of model 329 parameters (Supporting Information Table S2 ). Then using a known average mutation rate of (values for all models are presented in Table S3 ). Maximum likelihood parameter values and 334 their 95% confidence interval (CI) obtained from non-parametric bootstrapping are shown in 335
Supporting Information Table S4 . The first ancestral population splitting into two lineages 336 (cluster 6 and clusters 1-5 + 7) was dated 174 kya (49 -300 kya, 95% CI). Then, a second 337 split giving rise to the lineages containing clusters 1-5 and cluster7, followed by a linear 338 population growth for clusters 1-5 was set at 72 kya (31 -112 kya, 95% CI). Finally, 339 admixture from cluster 7 to clusters 1-5 and from clusters 1-5 to cluster 6 started 56 kya (32 -340 81 kya, 95% CI). Additionally, we ran an alternative to model F in Origin of cultivars 366 The predicted membership of supplementary data (32 cultivars bred for forage usage during 367 the last six decades in Europe and New Zealand) on the L. perenne set DAPC (Fig. 3) showed 368 that 25 out of these 32 cultivars were assigned to cluster 5, (North-Western Europe), two to 369 cluster 2 (Central-Eastern Europe), three to cluster 7 (Northern Italy), one to cluster 3 (North-370 into L. perenne populations from Middle-East (cluster 1) and Italy (cluster 7), respectively 423 (see Fig. S4a ). The next event reconstructed from the best L. perenne model (Fig. 2a) is a split 424 between cluster 6 and the ancestor of remaining clusters occurring 174 kya (Fig. 2c and  425 Supporting Information Table S4 ). Despite the broad CI (Fig. 2e and Supporting Information 426 Table S4 (Fig. 2a, Fig. 2c and Supporting Information Table S4 ). These events overlap with a glacial 436 period (Würm glaciation 12-110 kya) (Fig. 2f) (Fig. 2d ) which showed that cluster 1 exhibits the most variable within-447 population genetic diversity. Cluster 1 may have been formed by the mixture between ancient 448 highly diverse populations located in South-Eastern refugia and more recent immigrant 449 populations from cluster 2, the latter including low genetic diversity due to allele surfing in 450 expanding populations (Edmonds et al., 2004; Excoffier & Ray, 2008) . In later stages of themigration from cluster 7 to clusters 1-2 and from cluster 1 to cluster 6 (Fig. 2a, Fig. 2c and  453 Supporting Information Table S4) Table S4 and Table S7 
